Abstract. Intracellular ADP-ribose is an activator of TRPM2, which is a Ca 2+ -permeable channel and mediates H 2 O 2 -induced cell death, in the TRPM2-expressing rat β-cell line RIN-5F. We examined the effect of extracellular-added ADP-ribose on intracellular Ca 2+ concentration in RIN-5F cells. ADP-ribose induced Ca 2+ release from the thapsigargin-sensitive Ca 2+ store, but not Ca 2+ entry across the plasma membrane. A phospholipase C (PLC) inhibitor and a non-specific IP 3 receptor inhibitor blocked its Ca 2+ release. H 2 O 2 -induced Ca 2+ entry through TRPM2 was not affected by extracellular ADP-ribose. These findings suggest that extracellular-added ADPribose induces Ca 2+ release through the PLC-IP 3 pathway and does not act as a TRPM2 activator.
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We recently reported that H 2 O 2 evokes Ca 2+ entry through the melastatin-related transient receptor potential channel TRPM2 in the plasma membrane, and Ca 2+ entry through TRPM2 induces necrotic cell death in the TRPM2-expressing rat β-cell line RIN-5F (1). The activation of TRPM2 is also caused by intracellularadded NAD + and ADP-ribose, a metabolite of NAD + (1 -5). In a previous report, we suggested that H 2 O 2 -mediated TRPM2 activation occurs by an increase of NAD + levels and the binding of NAD + to the Nudix motif in the cytosolic C-terminal of TRPM2 (1). Perraud et al. (4) suggested that H 2 O 2 gates TRPM2 through the release of ADP-ribose from mitochondria. Moreover, Kolisek et al. (6) recently reported that cyclic ADP-ribose, a metabolite of NAD + by ADP-ribosylcyclase (CD38), also stimulates TRPM2 channels. Thus, H 2 O 2 -mediated TRPM2 activation seems to be related not only to intracellular-produced NAD + but also to its metabolites such as ADP-ribose and cyclic ADP-ribose. In the insulin-secreting cells, it is known that the ectoenzyme CD38 in the plasma membrane mediates glucose-induced insulin secretion through the production of cyclic ADP-ribose and Ca 2+ release from Ca 2+ stores (7 -9) . CD38 also has the activity of cyclic ADPribose hydrolase, which converts cyclic ADP-ribose to ADP-ribose, and NADase, which converts NAD + to ADP-ribose. Moreover, TRPM2 channels are expressed in the rat CRI-G1 insulinoma cell line (10), human islet (11), and RIN-5F cells (1 Rat pancreatic β-cell line, RIN-5F cells (passages 20 -26; ATCC, Rockville, MD, USA) were cultured in RPMI 1640 medium containing 10% fetal bovine serum, 100 U/ ml penicillin, and 100 µg/ ml streptomycin.
Intracellular Ca
] i ) was measured using fura-2 as a Ca 2+ indicator (1). Cells on coverslips were loaded with fura-2 at 37°C for 40 min, and then cells were washed with the HEPES-buffered saline (HBS) containing 107 mM NaCl, 6 mM KCl, 1.2 mM MgSO 4 , 2 mM CaCl 2 , 11.5 mM glucose, 20 mM HEPES, adjusted to pH 7.4 with NaOH. Fluorescence images of the cells were recorded and analyzed with a video images analysis system (Meta Fulora; Nippon Ropper, Tokyo). All reagents were dissolved in distilled water or dimethyl sulfoxide to their final concentrations in HBS or Ca
2+
-free HBS containing 107 mM NaCl, 6 mM KCl, 1.2 mM MgSO 4 , 0.5 mM EGTA, 11.5 mM glucose, 20 mM HEPES, adjusted to pH 7.4 with NaOH, and applied to the cells by perfusion. Cell viability was assessed by trypan blue exclusion (1) .
Data are presented as means ± S.E.M. of n observa- ]i in RIN-5F cells. Cytosolic Ca 2+ was measured using fura-2 as a Ca indicator. In A, ADP-ribose (100 µM) was added to cells in the presence of Ca
. In B, the effects of ADP-ribose (10, 30, and 100 µM) on the peak levels of [Ca 2+ ]i were measured in individual cells. In C, the perfusion solution was first changed to Ca 2+ -free HBS. Three minutes after ADP-ribose (100 µM) was added, cells were re-treated with HBS solution including 2 mM Ca
. In D, the perfusion solution was first changed to Ca 2+ -free HBS. Seven minutes after thapsigargin (1 µM) was added, cells were treated with ADP-ribose (100 µM). In E, the effects of ADP-ribose (100 µM), NAD + (1 mM), NADH (100 µM), NADP + (100 µM), NADPH (100 µM), and cyclic ADP-ribose (cADP-ribose, 100 µM) on the peak levels of [Ca 2+ ]i were measured in individual cells. The ratio in panels B and E indicate the absolute changes of ratio intensity (∆ ratio (340/380 nm) = peak ratio − resting ratio). Results are the means ± S.E.M. of 45 -115 cells.
tions. The statistical significance of observed differences was determined by analysis of variance followed by Bonferroni's method. Differences between means were considered significant when P was less than 0.05.
Addition of ADP-ribose (100 µM) to RIN-5F cells transiently increased [Ca 2+ ] i , and the peak was observed within 10 -20 s after its treatment (Fig. 1A) . ADPribose induced increases in [Ca 2+ ] i in a concentrationdependent manner (Fig. 1B) . In the absence of extracellular Ca
, ADP-ribose also induced the increase in [Ca
] i , and re-addition of Ca 2+ to the extracellular solution only slightly raised [Ca 2+ ] i to near the resting levels (Fig. 1C) . However, we did not observe an increase in [Ca 2+ ] i by ADP-ribose after the depletion of thapsigargin-sensitive Ca 2+ stores (Fig. 1D) . In contrast to ADP-ribose, NAD + (1 mM), NADH (100 µM), NADP + (100 µM), NADH (100 µM), and cyclic ADPribose (100 µM) did not affect [Ca
] i in RIN-5F cells (Fig. 1E) . These results suggest that only ADP-ribose among the NAD + -related compounds stimulates Ca
release from thapsigargin-sensitive Ca 2+ stores. To determine the mechanism of Ca 2+ release from Ca 2+ stores in response to ADP-ribose, we employed a pharmacological approach. As shown in Fig. 2 , A and D, 2-aminoethoxydiphenyl borate (2-APB, 50 µM), an inhibitor of the IP 3 receptor, completely blocked the ADP-ribose-induced Ca 2+ release. U-73312 (2.5 and 10 µM), an inhibitor of phospholipase C (PLC), also blocked the ADP-ribose-induced Ca 2+ response in a concentration-dependent manner (Fig. 2: B and D) . On the other hand, U-73343 (10 µM), an inactive analogue of U-73122, had no effect on the Ca 2+ response by ADPribose (Fig. 2: C and D) that extracellular-added NAD + did not modulate H 2 O 2 -induced Ca 2+ entry through TRPM2 (data not shown). This may be because the Nudix motif is a cytosolic motif of the TRPM2 protein and extracellular NAD + is not incorporated into HEK293 cells. On the other hand, in insulin-secreting cells, it is known that the ectoenzyme CD38 in the plasma membrane acts to convert extracellular-added NAD + to cyclic ADP-ribose in the cell interior (7). The extracellular-added NAD + is also converted to ADP-ribose by NADase (CD38) or to cyclic ADP-ribose by cyclic ADP-ribose hydrolase (CD38) (7). However, Koguma et al. (12) showed that CD38 is not expressed in RIN-5F cells. In the present study, addition of NAD + to RIN-5F cells did not modulate H 2 O 2 -induced Ca 2+ entry and cell death through TRPM2. Therefore, extracellular-added NAD + is not likely to be incorporated in either HEK293 cells or RIN-5F cells.
Interestingly, we found that ADP-ribose, but not other NAD + -related compounds, stimulates Ca 2+ release from thapsigargin-sensitive Ca 2+ stores in RIN-5F cells. Takasawa et al. (9) reported that RIN-5F cells release Ca 2+ in response to IP 3 , but not cyclic ADP-ribose. In this study, ADP-ribose-induced Ca 2+ release was blocked by either the IP 3 receptor inhibitor 2-APB or the PLC inhibitor U-73122. Therefore, the PLC-IP 3 pathway may be involved in Ca 2+ release by extracellular-added ADP-ribose. In addition, although 2-APB is known to affect many proteins including TRP channels in addition to IP 3 receptors, it had no effect on TRPM2 opening by intracellular ADP-ribose (13). We also observed that H 2 O 2 -induced Ca 2+ entry through TRPM2 is not inhibited by 2-APB using a recombinant cell system (data not shown). Therefore, in this study, we believe that 2-APB acts as an IP 3 
